esp@cenet - Document Bibliography and Abstract 1/1 — i 



Semiconductor laser device 

Patent Number: □ E po9 2 oo96 . A3, fil 

Publication date: 1 999-06-02 

lnventor(s): FUKUNAGA TOSHIAKI (JP); WADA MITSUGU (JP) 

Applicant^): FUJI PHOTO FILM CO LTD (JP) 

Requested Patent: □ j^ u , 22 6224 

Application Number: EP1 99801 22308 19981124 

Priority Number(s): JP1 99703231 76 19971125; JP1 998031 7644 19981109 

IPC Classification: H01S3/19 

EC Classification: H01S5/343C . H01S5/343 

Equivalents: DE69801974D, DE69801974T, □ US61 27691 

Cited Documents: US5389396 : JP9270558 



Abstract 



A semiconductor laser device comprises a GaAs substrate (1), a first cladding layer (2) having either 
one of p-type electrical conductivity and n-type electrical conductivity, a first optical waveguide layer 
(3), an lnx2Ga1-x2As1-y2Py2 first barrier layer (4), an lnx3Ga1-x3As1-y3Py3 quantum well active 
layer (5), an lnx2Ga1-x2As1-y2Py2 second barrier layer (6), a second optical waveguide layer (7), and 
a second cladding layer (8) having the other electrical conductivity, the layers being overlaid in this 
order on the substrate (1). Each cladding layer (2,8) and each optical waveguide layer (3,7) have 
compositions, which are lattice matched with the substrate (1). Each of the first and second barrier 
layers (4,6) has a tensile strain with respect to the substrate (1) and is set such that a total layer 
thickness of the barrier layers may be 10nm to 30nm, and a product of a strain quantity of the tensile 
strain and the total layer thickness may be O.OSnm to 0.2nm. The active layer (5) has a composition, 
which is lattice matched with the subst rate (1 ), or a composition, which has a tensile strain of at most 

0.003 with respect to the substrate (1). I 



Data supplied from the esp@cenet database - 12 



. 7abstract?C Y=ep&LG=en&PNP=EP0920096&PN=JP 1 1 220224&CURDRAW=1&DB=PA03/1 0/1 7 



a9)B*mmfff up) 02) £t HI 4# 1^ £t & (A > (n)#^msi^B8## 

#H%1^220224 =J 



(43) B *Pffcl 1 *p (lMSMyfJUJJ^ 



(51)Inta.° 




F I 




HOIS 3/18 


6 7 7 


HOIS 


3/18 6 7 7 












^^10-317644 


(7dhiia 


000005201 










(22)mMB 


ipj^l0^(1998)ll^ 9 0 




#^l[i^^JS#fr^^?B210^te 






(72)3&^g 




(31)«fe|fc£®#^ 


»W*F9 -323176 






(32)ffi&B 


¥9 (1997)11£25H 






(33)«$«&£®® 


B* (JP) 




Slffl St 






















(74)fSSA 


^pa± mm m$. on«) 



(54> bbjh©^] *mfcu— *fmm 



(57) 

n-GaAsS«l Jitd. n-Ga,.,, Al 2l As? 9 
7H12< n-In„iGa 1 -,iAs 1 . 7l P y , 3fc^i&JI3. i-In l2 
Ga,. l2 tei-„P y2 §I5R0S^*'JTJ14, In l3 Gai- l3 As 
i- y3 P y3 S^FvSttJB 5 . i-.In SI Ga l . zt As 1 ., z P y2 3\ 
»9IAy7i6, p-In I1 Ga 1 . 11 As 1 . yI P„ ft*£&JI 
7. p-Gai- 2 iAl 2 ,As ?77K18, p-GaAs:J V:? ? h 

«-3£*£igyi 3 , 7 tt-5-ft.-mGaAsg^ 1 fcHSTS-g-fS 
fflfiJtbfc tL. §l5g0lA'iJT!4, 6 cO-SfHBJStilO^- 
30nm£U SftgiSBOS^U TJ14 . 6£OS^<i. 31 
SgOMOMirtv SUax-£-ftBJ?=0.05— 0.2nmt^r 




1 



(2) 



1 1-220224 



Itt5:ttSS-^7-yFl. &-imWS. In, 2 Ga 
[..jAs^yjPyj i£— ^'JTJI, In x3 Ga,- l3 Asi- y3 Py 3 g 
^#F*£14J1. In.zGaj.^As,.^?^ Ig-^'Ur®. US 

~? 5 -y h*Jl*^^IWC®^$^xT^I»^f*P— ^ 

B?lem— 33 <fcl^m~ 7 y FJl**BuieGaAsSM^^-S 

msM—tszvm—'vj rmtp. HuieGaAss^^LT 

-?-^5l5S 0 ScDSIS x-^-lt® J?=0. 05—0. 2 n m £)H*: 
Miein.aGaj-^AsL^Pya S^#F*£14J1A { . BUlEGaAs 

mmzftrt-m^-t&am.. t L<t±, niifSGaAss&tc** 

LT0.003 ^T'^l5S0^Sr^T-ri.ffl^*^^ri.*»^T 

as <r t zimt-i-z^mfru— r gig. 

[ff3?3S2 3 GaAsgtSi_t£ N pMfe»£VnMe7)-2r<r> 
^ttlttS«-^5 7Ki. SfS-ft3§Wl. In l2 Ga 
, - „ 2 PSg— / N'lJTl. I n, 3 Ga i . , 3 As, . y3 P y 3 fi^#FvStt 
if. In^Ga^^P^-^'iJTil, Sgr 3ftg»ES .. Plii 

MEJf5-*JJ:?/m-?7 / K«* J B!jlEGaAs^tc1S^S 

m%zm~&j:vm-;<v rmtfi. mt^^&mzn i_t 

3l5g9^2r3rr&. -&H-J1^10~30nmOJl-C$>oT, 
-?-<7)§l3S 0 MWSfi x^-ff« J?=0. 05— 0. 2 n m SrJS^ 

BUl£In l3 Ga,. l3 Asi-y 3 Py 3 JI^-#Fv514il*V H?12GaAs 
S^^f&^S^-r^ffl)^. t,L<{±. HU IBGa As3£^ tztt 
LT0.003 £X'CO ; 3mK)m$:1i-?&mf&frt>%&i>cr>x~ 

[00 0 1] 

sou mL< i±*mi*is— ?mw*m<fc*&¥m&m<?) 
muzm-tzbcox-frh. 

[0002] 

mmo&m mm. 0.7-0. 85^ m^co^sifrp— 

L-Tti, n-GaAsg^C. n-AlGaAs?5-y F/f , n ifcti 
i-AlGaAs7£®ayi. i-AlGaAsffit&l, P ±JtJii-AlGaAs 
p-AlGaAs^5v Ki. p-GaAs^-v yrrJig-Jg 
JiLT&£¥3?f*U-if*>'— JKWT'35S„ L*>U 



[0003] si"— ;UA17U — t&Z8.75nm^ 

W^^tkU—Vb LX . IEEE Photonics technology Le 
tters,Vol.6,No.4(1994)p.465 C^S<X& «fc 3 ICn-GaAs 
MM.±t,Z^ n-InGaP ?77K8. TV K— :TInGaAsP 3t 
^yi. GaAsS^#FvSttJl, 7* V F — y"l nGaAsP KM 
&Ji.. p-InGaP 7=7 •/ FS, p-GaAs^f-r -y :Tjf 
^{*clx— r*<«ig$fXTV>l>. L*>U COM 7'J- 

OT^flsu-yji^^^^^jgfic^ti^^ < . mm 

milzj: 9%M3fr¥£<JB< %->X < & t v 3 L 
TBO. 0.8 iumifi»<oa»*»-C'tt*aj*¥IW(cl'-- 

[00041-J, }Stt^*iA17 U-t^ S0.8^m^ 
<y>¥^fl£U— iFi; LT\ Jpn.J.A P pl.Phys.Vol.34(1995) 
PP . L1175-1 177lzmZ tlX V ^ h X 3 Sm-GaAstt^n-Al G 
a/\s?7'yKJi, i-InGaP 3fc^i&Jf, InGaAsP i?-#F 
V514J1> i-InGaP %m®M, p-AlGaAsi? 5 -y F®. p-Ca 
Asdr-r -y rJi**^*****^— T*<$8^$^T^S . 

Tiso. Mmijmm^x'<^^mmm<m±L . 

[0005] IEEE Journal of Selected Topics 

in Quantum Electronics. Vol. 3.No.2(1997)p. 180 £ 

<73GaInP^^?rfflVv KvSttJl^SffiSS:^ >-fe;l- 
•^-|»mJiW?l51'5SS-^-r-l»AlGaInP OS-^'f F^'UT 

^Sr^-tf agMtioW F^> y 7*$r^c^ < 

InGaAsP ^OnSttJftCt 9800mn if 
fi£LJ: 3 fc-^SJ©^-. Jpn.J.Appl.Phys.Vol.21(1982)p. 
L323 IZOk-t J: 3 (ClnGaAsP ^Sflfigjrbt^ F^r-^ -y 

Sr^r-r-&ffi^fctfcM ; 5rS/ l :»£. InGaAsP mco^mtem 

mvh o . ±i&Miz?azti& x o^mm^com^^m 

[0006] 

ai^I^STCtJV^Tt^i®'tt£7^^^>0.8 Aim^^^ 

is — m®T& z t * i w t -r s t * s . 

[0007] 

[^MSr^-ra/i^^S] *^6HJ(= J:5 locoes 



(3) 



WBPF 11-220224 



*l — 1fS§gtl GaAs^Lh^ p^fcilXnSO-^- 
SltftoT, IWE»-fi 7 9 v KJBaWnriEGa 

o . .-urEK— * ivs^y r« ifrieGaAsg^c;*} 

LT3l5fi9SS>rtf-S, *fWiJ»10^30nm^JBT*fco 
^^[5i0^O3&gx^ffjiil=0.05— 0.2nm$r 
SSfc^ffiS;*^*: 0 . laiEIn^Gaj.^Asj.ygPyg g^P# 
F«14/I^\ mfI5GaAs^K^fg^S^-rs»fiS;. *>L< 
H KriEGaAsSffifc:»UT0.003 *Tc95l5B9S**r*- 

[0008] &¥&mz£ &mcD¥mtbu~y t m&te. m 

— £ i - ^ < y T»#I n s 2 Gaj _ x 2 P^ffi^*> £ 0 . 

[ooio] ttzm— &£ifm—'<vTm<ommztem 
mzn-f&^mvmtDm&tiz. mmm^A, kUGa 

AsS«<^ta^£SSra GaAe £ U A'yriOW^S: 
ajfcLfc'^Aj =(a GaAs - ai )/a GaAa "C*S 

[0011] RHRtc ffri^^#Fv£14ii^KnBGaAs^ 

ttS^fST^^a 2 t Lfc«*A, - (a GBAs - 

a 2 ) /a GaAa T'^^a^>t>^T'fcSo — fe^E 

£ b lillA 2 #*-0. 0025^ A 2 ^0.0025T& & <T 
fc^H\ rffneinGaAsP J^P#F«teJl*<. ifrlBGaAs 

LT0.003 4T09l«i3ffiSr*f &tt«j fc«. -0.00 
25^ A 2 =£0.003 
[00 12] 

fSHttaWH. InGaAsP $>&Wi:InGaP 

&«rfc#T#&„ £fz. InGaAsP J>&^teInGaP 
S'*y TJllcJ: 9SfMte'<yrJffcaJttKK££*S 

jE?L«0»h.*««r&C4:**TS&. CliiCeiO. JfBiJ 



[00 13] 

[«WO*J60JBffi] KIT. **^<?>SaiSO}BfRSHBB 
[0014] 1 <0*^JBfc«*¥ 

[0015] «M*Kffiaft«tK(C J Oh-GaAsSlg 1 ± 
n-Gai_ zl Al al As?9*y FS2. n Sfctei-In^Ga 
i-xiAsj.^Pyj 3(68*8013. i-In^Gai.^Asj.yzPyj 51 
»9»<!/Tl4, In x3 Ga 1 . x3 As 1 -y3P y 3 i^FStt 

i-In^Ga^^Asj-yjPyagjSROS^UrWe. P 
i^iii-In^Gaj-^Asx-yiPy! ^^S®7. r^Ga^^Al 
zl As ;77h'l8, p-GaAsa>-^^ NJl9^^-r 

P««SB10i3J:Vn«1Bffill4r®tf;L-C^jKr&. ^ 

^GaAsSM i (rz^f-m^^^m^.t.^h^, ±im 

figcOfBsinGaAlAsP ^O^W^JBSrfflV^Tfe i ^ 0 
[ 0 0 1 6 ] S fcs *SBWRIBte*j^Ttt. S^#Fv£ 
tt«5(iS«l^t&TS^r^ffl^fcL. ?[5g0 

^ur»4»«itcs«-*ffi«3W).oo7 ttc&mtfzt 

56 0«^y Till ^-&!tJlJPM0— 30n m(7)^Slc7) 
[0017] ±iB*»*l^- If t . BPPWflc^-^kB 
«$rfi : ofc*S*Sria245i:r/H3^-r. 32(1 9156 

osAyr**qr^«*»jo#M«*u^^ (n 

«) k9l»"3^yr««:*Ls5:lr^3)HF (jfttR) cO^S 
f*U-ifS^ (O) k5l569^<yr®S:*L^v^^ 

( x ) commmm. i th^iasfis^ttSr^u^ t^-c* 

6. El 2*5 ±1/03*^. gi56DSv\*ur«Srqrrs* 
fmcotmftu-mt, 5I560MSt*Lj5:^*^8K 
T. fiS5tai^ii*50.3 W^g; < <I2]2#Hg) ^ g|ffim 

tut; 

[0018] -HRfc:. ^fim« I th tfoaKtt»tt« I th 
(T) = I 0 x efT/ioj -ca^it*. d^T\ To 



(4) 



1-220224 



6#-?tCfc^T{±, 20"CA^50*C<^®ffl-C*iTo =223 

KT'jfco. ^o^^jrm^mL^m^j: d.3ok 

[00 193 9**i, «14Jl4(CAl5:^t^ 

mizBmvm^v r«4 , 6 tmttza ktz±*&&m 

*£fcd<-C&&. 4ft:. K9IH0^U7:m=J:'0Stt 
«fc A yr«fc«RiEKS fete J: 9. y£ 

d fc . *F«ffitS*J*t &^2:<£*6-r •& - 1 **T . 
[00 20] 4 ft: . ±§&m<?>mm-Cli . GaAs»Rte n 

[0021]^. JJEIOtOW«teJ3»r^T«. 
M£ffi*l£Lft*iJ*§tg«M.x b 9-f f k LT i> £ 

[0022] mz^minm 2cr>mtmmz®&¥mte 
u—fcommmviz. ^^mimm'pcovtmtmzm 
ai&pt. jar. zco^to\s-^commwL*vm-)5m 

[00 233 *«4ft*tigl**&£J: 9 n-GaAs«g21_t 
l,Z, n-Ga^^Al^As^^y FJ122, n 4ft:<Xi-In I1 Ga 
wiAsj^P,! 3K^^S23, i-In l2 Ga 1 . l2 As 1 . y2 P y2 61 
5iOM^'yrS24. In.sGa^^Asj.yaPya -ft^F^I* 
JI25. i-In r! Ga 1 . Jl2 Asi. ) , 2 P y2 ?igSi)M J '<'JrJ126 v p 
4ft(ii-In I iGai- I1 As 1 - yl P yl 3£zgjgyiZi\ p-Gaj.^Al 
^AsJtSBfg— ?7-y KJ128, p-In l4 Ga,. 24 P X-y^-;^ 
m±m29 (H^lOnmmg) P-Ga^^Al^AsigCm-^^ 
>y h'Jf30. v-GaAsay?? h J131 Sr MS&f9J3 L . S £>fc: 
7 hM31±{3Si0 2 ^cO^«iM32SrJfM-re 

(04 (a) ) . 

[00 24 3 <r*9f*. fflJfiW'J V^:? >r— KiO. f& 
JSM32CO. ®3^m?Ug^Xh5-Y7-«^32a £2gL 
t, ^SDMIM Hc0it@6//mSJK^h7-Yr^cap^32 
b (13)0 (b) )\ u^ia^xh?^^ 



Wie^:l^32a LT->X7 bJC •y^jftcJ: 9 

hJf31*^:xy^V;r6Lit/f29±®4T<7>x:tr 

mm (c ) ) . Cc7)k#. X yf-^jSt LTffiSSk 

iJJf 29T@«l(lty;:f§5il:-f & . JigBSfS— 9 5 -y K«28<75J5 
*l±. _B£<OJ: 3 LTJEftKSixft U -y ^ b 9-f 7"^ 

^•CSBgiT^Si^^rll^k-rs. <W=f£i|gy8t32a 
*bT*>£>. y ^mfcil^ffibT^Sx-y^V^BE 

±«29co^wc$eiit«33^^BE-rs mm <cn > . -<jc 

h^31SrS-5 iacc:L'Cp{ffl«fi634&^L, 
-S-cO^. Sfil21^ef®^^T^nffl!l^®355r^-r& (IrI 
0(f)). 

[00253 ^^SBSLT^Lft^S® 
6. 

[00263 *9^<9tt30%tlfflm:fli&¥9mi — 

[00273 i 0 . n-GaAs*K41 

n-Ga^^Al^As^^-y H«42, n 4ft:«±i-In,iGa 
1 . 11 As 1 . yl P y , i^jfe)l43. i-In l2 Gai. l2 As,. s , 2 P 1 , 2 31 
5fi0^^*yr«44. In l3 Ga 1 . l8 Asi. y3 P y3 *^#F«14 
S45, i-In^Ga^.tte^yjP,, ^ISS^M^^U T^46, p 
4ft:*4i-In xl Ga 1 . x jAs 1 . yl P yl 3t^k®47, P-In l4 (Ga 
1 - l4 Al I 4) 1 . l4 Aso. 2 P 0 .s -hSPSS— -y FB48. p-In 
^(Gai.^Al^)!.,^ 5 y KS49. p-GaAs=? 

0 2 ^cO^«52Sr^-ri, (05 (a) ) . 

[0 0 28 3 Z(Dfk. Mtsvtvvrjy ^-tciO. *6 
MiM51<y5lB 3 *t mg«m 7"«Sg7)-52a 5rS L 
"C. Znm-VJ HcO®6//m^K<?)Xh7-f 7*^^52 
b Sr^L- (RH (b) ) s i'<0HS*Lfc^h5-f7^K 
W«5^52a t L-C7X-y hJC-y f-^^fc i 0 

3^^^ h^50*^_bSBm— ^ 9 y H)l48Jiffi4roa: 
b-^^-^-v^JlSr^ LT y -y 5>X h 5^ & 

(|5]0 ( c) ) . Xv-fy/jSt LT, -ni/?9 FJ150 

1/57 H)i49Sr^*-ri.ft^«S^^fflv^k. jl 
y f-^*«±a5I|l— ^ 7 -y KB48rei&f|tJ^ffih-tS . 
±.Mm—7 5 -y KJl48<7>Ji^,i, _Bt^i ^ (c LT^fiS 
$ixft y -y y'Xh7^ r^o^KKcisv^Tm— 

— Hicts mtfrmm^ t miaf) 4 rasar & « i a «■« 



(5) 



1-220224 



SLlfm\X, VX^Z±m&-9 7 >y HJf48«^ffifc:feSK 
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93rjgj£-f S . ifcwra h^l09£Oji(Cpfflymfiill 
0£Jgj£U ^cOf^S^lOl^igTmLr^fenfflJ^lll 
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46. P Sfe«ii-In xl Ga 1 . 1 ,iAs I .y,P yl 7£SI&Jfl47, p-1 
no.48Ga 0 . 62 P7 7-y FJ1148. p-GaAs^f -v •y'7°JHl49SrJI|M 

u £ izz ^ y rsi49±t=sio 2 g^j&fi 

K150t»«-*-4 (i8 (a) ) . 

[0049] z<om. MTSeyvvy^y 4—izx o. *e 

lKIHl50ff)>t>*il.fc:«. 3 m^Jg(7)X h T^ttSt** 

J: 9 . P iJtJii-In^Ga^^te!.,!?,, #31^11470 

[00 50] ZcobZ. iv^V^atLTBHBtJilr 
■fk*3R*3&0 tOSrfflV->Tp-GaAs4f -v -y TJI149£x y 
f-^U ^l^<7)^ y^->-^?gSrffl^Tp-In 0 . 48 Ga 
o.s 2 P?9<y FBl485r^*-rfxJf. x-y^-^^p 2^ 
(ii-In.jGai-.jAs^yjPy, 3fe^^ll47<7)±[BTSli)W . 

[005 1] MtRf&mz X 9 . ?77 FJI148 

tg^^-T^n-Ino. 4 8 '(Al.iGa,-,! ) 0 . BjP^KE&ilJll 

5i*mf&-t& (.mm <b> ) . 

[0052] 5r±3n-In 0 . 48 (Al^Ga,.,, ) „. 52 P^c£E& 
jhJ1151<7)ffi^i: . P 4fc(ii-In, 1 Ga 1 . I1 As l . y iP„ 3te 
SjSJ1127tOii^ii:. SSScO^SCcO'J >y ^flBStf)© 

[0053] actC*6^)K150$r^£LT. p-GaAs3 
7 hJH52£^j£;U $ ^tCIiOp-GaAsrjy^^ FJ1152 
0±^pffl!l^l53SrJgfi!c,L, *?>t&. S8U41<7)fl?gS: 



^r>T*^nffiPISl54$:m-rS (RI(c) ) . 
[00 54] JXt=..K«**IBUr3tt«Lfc^aHHii<0 

SrfitL. r yTltt&Z.tlzX'oatmtols—'r 

[0055] JhieifjtKJ: 0 -itfrti-S-k , m-gl^- F 

[0056] JiLhtiSfcX h7-f Tcr>^.~m^- F U-^if 
tCO^T^^* 5 . ±eflBtt;ttft£:* h5-fr7;H-t 

400 n m^tiS^-rix<i'J: V>. OS'n' 'J TJf 

[0057] **wi«>si7 <r>mmmiz$hh*m 

[0058] ^^amffl^SCJ: 0n-GaAsS«161 
±l=. n-In 0 . 48 Ga 0 . 5J P^5 y FJ1162.. n ^^tii-In,, 
Ga,.',iAs,. y jPy, 3t^^Sl63, i-In X 2Gai-, 2 Asi-y 2 P y2 

3l380S^*yTJI164, In, 8 Ga 1 . 1 3As 1 . y3 P,3 fi^#F 
JSttJ1165. i-In^Ga^ysAs^yzPyj ?l5i OSyN' 'J Till 
66. p ifctti-In^Ga^^Asj.y,?,, 3fc®iftJ1167. p-I 
no.480a 0 . szP-tSCSS— ^5 -y FJ1168. p-In l4 Gai . l4 As 
,. y4 P y4 ^vl-vyUitm (*^.10nm^JK) 169. p-I 
n 0 . 4 8 Ga c . 5 2 V±Mm — 9 5 ;y FJ1 170 » p-GaAs3 1/9 7 
■FJSl71*ro»aHJBU. ^^tCi^p-GaAsnV^i? FJll 
71^±^Si0 2 ^iO*e{*«172$r^fi£-r^ (09 (a) ) . 
=5rfcp-I n, 4 Ga, . , 4 As! . y 4 Py 4 X >y f - V^Eih® 169ti . 

[0059] ;c7)f^. Moyy/77^-c±i3, *e 

^M172^4>^a5tC^3 ^m^Jgco^ h r^SP^Sr 

r^<7)^^172S:VX^i: LT^x-y hX.yfVy'C 
<t0. p-In l4 Ga 1 .y 4 As,. y4 Py 4 JC-yf->'^'ia.iiJ1169c7) 

[ 0 0 6 0 ] Z<T)t # . X y^-v^jKt L-T?5SB!fcjgiBS 
'ft*^7K^cot«05:ffl^-Cp-GaAsn>'^i? F^171$rx 

•yf-^L. J&M^X-y^VjrjK&fflVvCp-Ino.^Ga 
o. BjPJtaWZl^ 7 y FJ11705r^*-rfLfi*. x-y^->-^ 
*^P-I n, 4 G 3l - x4 As, . y 4 Py 4 x y f - >-9WjtM169cr>±m 

[006 1 ] Tirfc. p a^tii-In.jGaj-^ASj.yiPy, 7t 
^SBl67i3 ±t/p-In 0 . , 8 Ga 0 . 52 PxgBS-^ 7 y F®16 



(7) 



ftffl^ 1 1-220224 



^oT*^n<I3«fiil75S:ffM-ri> (HIKc) ) . 
[ 0 0 6 3 3 <W=, imSr^LT^L^ft^SBi?) 

[00643 ismmizx o i coOi-st . m— f 

[00653 JiLLti^X h 5 4 7»<0*— H l^.-if 

=7 -y Vm<V&m<tim-M±100^400nm(7)mizm%.-?tllZ 
iv^. *^l3iOMM'yT«(i. 37CCOIn l2 Ga,- l2 P 

[ 0 0 6 6 3 0 1 0I±, 8aHftiHB£tt& 

[00673 ^4MBlttl&Jt&CJ: 9iHfeAs£K201 
±iZ, n-In 0 .4 8 (AljGaj.J 0 .5 2 P?^ "* FJ1202. n £ 
fcJii-In^Gai-.jAsi.,!?,, 7^SB203. i-In l2 Ga 
,- x2 Asi- y2 P, 2 ^m*)m^J TS204. In^aGa^xaAs 
i- y3 Py3 Jfc-?#F?SftJl205. i-In l2 Gai . l2 Asi. y2 P y2 
3l5g9SAUTJ1206. p ^^ii-In^Ga,.^ ASi-^P 
yi 3tm$M207. P-In 0 .48 (AUGai-x) 0 .S2P^7-yH 
J1208, P -GaAs3>-^^ hif209SrJII<^®-r^. 

[0 0 683 <>:f-Cp-GaAs3>^^ hS209cO±^plg!| 
«S210£«Jj£;U *<0f£, Sfg201<y}fflg£?T3:-?Ta> 
^nf$mSE211£JBjfi£-f M^^^LT^fiSc 

[00693 ±smuz* o ; ^«-&i> . m-m=t- v 

[00703 %&^cOi§r£i> . m®Z-£Wm®&f$M<7) 

mmizmm-rhzttT^h. 
[oo7U4fc. ±wmwmmx'n. ^mm^nm 

m&z&Miz-mnj:^. 



[ o o 7 2 3 $ 4tc tt&m&&m&i L #wm&-chi 

(^mmm) tcoma. o-inmiarttt*. a ft. ?i 
ssosAyrmi. 37coin l2 Gaj-, 2 p?i5Si5^<yT 
StaboT t <tv>. 

[00733 ^*^^9cosyfeff^t;^i,^# 

[00743 ^^JgSvfflBS^S^J: •9n-GaAsS^221 
_BC. n-In 0 . 48 (AljGa,^) 0 . 62 P? =7 y FJ1222. n i 
7t(i:i-In 1 iGai- I1 As 1 -j,iP ) , 1 3£®i£JI223. i-In x2 Ga 
,-, 2 P 3l3S9m;N*yTJf224. In^Ga^^Asj.^P^ i 
^#FvStt Jf 225 . i - 1 n x 2 G ai . , 2 P3 15S 9 S/ s* >J TJB22 
6. p ^ftJii-ln^Gaj-.iAsj.yiP,! ^tm^M227 . p-In 
0-48 (AljGaj.j) o. 52 P^ -5 KJH228. P -GaAs3>-^^ 
FB229Sr«»3WIU SMdOrJ^:?? FJ1229_h{;: 
Si0 2 ^c73ffi«iiM230S:?g^:-rS (@1 1(a)). 

[0 07 5 3 Zcr>m. I»«'jy/57^-CJ:!)» *§ 

SLT. ^-coW^-f F<OilS6A£mSKfOXh5-f r^co 
*fiili^230?-|^*-ri>. fit, Cl^?fl.ftXh7>f 

±0.p £fcttl-Iii ll Ga 1 . sl As 1 ., 1 P, 1 3t^ii227^ 

[00763 -Wfc ^ s 3L v*hy7"m.h LTBilSli:^!? 
-(b^^^^^Srffl^-Cp-GaAsrJV^^ hJf229?-J: 

o., 8 (A^Gaj.j ) 0 .6 2 P^9 -y h'«228Sr^-Tix{±\ a: 
ry^^^'p iftfii-In^Gai-.jAs,.,!?,, 3^3^122 
lcr>±MX-&mmz&±.-th . rifep Sfttii-ln^Ga 
j-nAsi-yiP,! 3fcS3SJB.127tf9J5*»i. ^mS^+^gR 
^'J y^18JiO«S60«ag»t=:t5^T. m-s^-H^ 

[00773 mzm&wmotmzk. v -/ is&nzv 
&&Lx^&immi2x<7>4miz3mm23it:Bi&t& 

((s)ii(b) ) . ai^coy y^57 -< — twi 

•) , y •/ h- 5 7-gp±.MtO*fe^M231 s-B^* u . m 
ftlslznyfth «229 *S5J:3tcUTp Umfli232S- 

Si233S:^fi!i-r^ (ISIH ( c ) ) . 

[00783 mz. wzmzmmLxmm.Ltz*mmffico 
—m. mmzztiz-timzMm^-h . iKRat^n-h 
^iSL. f- yr-fb-r&ifctciy^^u-iF 

[00793 ±Miffimiz£ *) , H5r«-oft4 
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[00803 JJLb*4»x ro*-«^- F U— T 

(i. 47CCOln x2 Ga l . x2 As 1 . y2 P y2 *>4>®lS;LT t> J: 
[ 0 0 8 1 3 iKC O^jWBWfcfll** 

[0082] fSMafflfiEISC «t 0 n-GaAsS«241 
JtC n-In 0 .48 (Al.Gaj.J 0 . 52 P? 7 *y FJ1242. n * 
^{ii-In^Gaj.^ASi-yjPyi 3fc^£i£/f243. i-In x2 Ga 
i-igAsx-yzPya 3l5g9M^U TJ1244. In.gGa^^As 
i-yaPya S^F#F^tt®245. i-In l2 Ga 1 - l2 As 1 .y 2 P y2 
9l3ROa^^UTJ1246. P &tltei-ln x itei- x i Asi- y iP 
yl 3lSW»i247. P-In 0 . 4B <Al 2 G ai _ z ) 0 . 52 P^-/F 
B248. P^aAs^^rJI249£J®&mJf U 
* * v ^Ji249±tISi0 2 ^»B»R250* Jgfig-T* ( El 1 
2(a)). 

[0 083] zcotk. d 1 ), *e 

SILT. f«f >f F«6/zmi^Xb7^r^ 

p i3triii-In xl Ga 1 - 11 As 1 . yl P yl .5l^ft«247^ 

[0 0 84] Z<Dt£. Jtv^^mtVTffiMtTm 
4\L7kMA<.3kcr> ijCO^r^^X p-GaAs^r -V* y :rH249£r:i: v 

(Al z G ai . z ) 0 . 52 P^^-y Fil248$r^^if. ^yf~ 
4fclii-In sl Ga 1 . B iA5 1 --, 1 P y i Jtmm2Alcr> 

[00853 %<7>tk. WttfiCJ; 0 . ? 7 y FB248 
±9J30r*<O'NS^ ^35PlMmSJKco v SC241C 

(Al 2l Ga!- al ) 0 . 5 2 PttSEfflLitJK 
51ft»*-r* (RIB (b) ) . 

[0 0 86] 5r*3n-Ino.4e (Al 2 iGaj- zl ) 0 .6 2P*ffiffl. 

m»M2zia>mM** &&&cd*#:Ucd u v Sanson 

[0087] %(CtBtUR250£|»£ LT . P-GaAsrJ 
? FJf 252£Jgj£U £ ^C^p-GaAsr?;^? FJ1252 
<3±fc:pfflttfc53£«fi!SU -£?)flL S«[2410?5fS£ 
lT 3 5roT*»4>nffl|ISSi254Sr®fiE"r& (c) ) • 

[0 0 883 K«SrBIHLT»«Lfc*«»lBfiO 



[0089 3 ±SBIf»fc: i *) ZcOifr&l> , F 

[0090 3 J2Uitt** V7^f :r?)#— fit^E- F U-lf 

400nm^ia^Rj&t*ltrJ:V^ 4fc3l»0ffi^U TJB 
ti. STCOIn^Gai.^P a>£>J&£;LT t> J: 
[009 1 3 **?W0»1 leOWeUJBCffiS* 

[00923 ^F«t^JS»ffl^&tZj: 0n-GaAs^261 
JLC n-In 0 . 48 (Al,Gai- s ) 0 . 52P? ^ v FJ1262. n £ 
fclii-In^Ga^^Asjly^y! 3te®i£@263. i-In x2 Ga 
i-, 2 As 1 . y2 P y2 gi5R9S^UTJi264. In^Ga^gAs 
j-yaPya S^#FvS{4Jf265. i-In l2 Ga 1 . l2 As 1 - y2 Py 2 
P 43ttti-In xl Ga 1 . 11 As 1 . yl P 
y i 3t^®267. P-In 0 . 48 (Al z Gai. 2 ) 0 .b 2 P±«B»- 
?5>-yFJf268. p-In X 4Ga 1 - x4 As 1 -y 4 P y4 
itfl (Jp;M0nm*Ug) 269. p-In 0>48 (Al 2 Ga,. z ) 
o. i 2 P±£im-? 7 -y FS270. p-GaAsr?>-^ ^ F^271 
SrWiWRiiL. S^lCd^p-GaAsa;^? FJ1271^± 
t=Si0 2 *co«»K272S:JB«;-r«> (H13(a)).4 
^p-In X 4Ga 1 - x4 As 1 . y4 P y 4 a: v^V^ffijhJS269{i. ^ 
^261^^^-L. 3^«T#FiStt»265iOfc^^ 

[0 0 93 3 Z<7)tk. I«^'Jy^7^-CJ:"), 
®H272^**SPCwi|@ 3 ,u m^c7)X F ^ J y^m^i: 
SLT, ^^lir^ KOi6A£mSgmb7^7'^ 
|fi»JR272£[^-r6o .*LT. :<««fiifc^h7>f 
^°«c7)^J^272S:^^^k hx 7 fy^: 

ctO. p-In x4 Ga 1 - x4 As 1 -y4py4 ^ v^>^Plih/l269C0 
±i^T'Xt7^yt/H^i*LT'J7^h7>f7 

[0 0 94 3 Xvfy/ShUBKhjiS 
^^TK^cOL^^rffl^Tp-GaAsnv^^ F/1271$:X 

o.-48 (Al z G ai . z ) 0 . 52 P_hSSIi5~?5'y F®270S:^*if- 

tLtf. Xy^V^p-In x4 Ga 1 . x4 As 1 .y 4 P y4 X-y^V^ 

[0 095 3 SNfc. P S^ii-I^jGaj^jAsj.yjPyj ^ 
^H267^J:l>VIn 0>48 (Al z G ai _ z ) 0 . 52 P±9M5— ? 
77 F«268«OffMi. ft»«W)+3fc»oy y>?«JS^ 

[00963 ^C«eSffiZ725r^*LT *^JM*ffi2735: 

m&L .mm (b) ) . -j-ofijiffroy v^^y>i — t 

±*3pfflJtt«274S:JB«;L. fOft, *«261^BfSS:ff 
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^oT*^nfi3^HE2755r^-f-6 ([BUS (c) ) . 

[00983 ±ieiSJ&^«J: 0 , K 

[0099] JilL^X h7-< 7-<7>m— a^e— Hl^— if 

9 y K^<?5^-H-cOJ?*iilOO~400 n mCOlSHciSSg-riXif 
in. *fc9BS0ffi^UTJUi» 37cWIn, 2 Ga,. l2 P 

[01003 § inimMvtzmm^mmx'umz 

&.=? t\ 3t^S/i*M.^-^^ S QW- S C 
Hfcnfi^SfflJfeSr^L^:* 1 , SQWco-ftb Olefin 

[0 10 13 BUfBIn^Ga^^As^^Pya JgttJIcO 

A<850nm O^T1WW#*»rtrCS>S . 

[oio23^^. *mtem<7>fonmt LT«AJbifc«o* 

[ 0 1 0 3 3 =5rJ3, aWfiffleOifsaW^^-^liftaPSriBfl 

x,mt lx tj6J8*rtB-p*4 . 

[0BSOfS*^riiBJ3 . 

[01 3 *w%<7>mim&mm^£h*m&\'-- <f*m 
■tmmm 

[[323 ±iem i mmmiz x & *mfc u-*r t itmm 
[H3 3 ±§mimfflmiz*s,*m*\'-y c titmi 

J: cotftCDB* 4» Ottfg 5- Srf KfrS0 
[06 3 *^^4SU6^®tcj;-S»^*U— FZm 

[El 7 3 *^Hj^si5||S6^^j;^^^— if s fe 
X V* iOMlSl^^l £ijrf IK®0 
[08 3 3*«HBOiB6SII«BJBCJ:fti|saWcU-lf, 

[1219 3 *wmm7mMmmi,z£h*m.fr\'-~ v. n 
imi o] ^m^&mmmm^z^h^m^— 



[sii3 *&wc?>&9msMmi,zji2,¥mfti'- ir. 

[1211 2 3 ^ajco^ i 0JtNSmcj;*¥ttf|cl'— 
[013] *%Bjco^i l|Ut»flSC«J;S#a|«sl'- 



1 


n-GaAs3S1R 


2 


n-Ga 1 . xl Al 2l As? 3 »y Kit 


3 


n ift(2i-In ll Ga 1 - ll As 1 -,iR Pl 3KSKft« 


4 


i-In^Ga^^Asj.ygPyg g|»9ffi^>JTJI 


5 


In^Gaj-.gAsj.ygPya l^#FSttl 


6 


i-In X 2Ga 1 - x2 As 1 . y2 P y 2 3l369M>^JT/f 


7 


P ifeiii-In^Gai-^Asj.yiPy! ftMi&m 


8 


P-Ca^^Al^As 9=yy FJf 


9 




10 




11 




21 


n-GaAsS^ 


22 


n-G ai _ zl Al 2l As?^>y b'/f 


23 


i-IrijjGai-xiASi-yiPy! 5t^S/B 


24 


i-In x2 Ga 1 _ x2 As 1 _ y2 P y2 ?|3I9^>K'J TM 


25 


In x3 Ga 1 _ I 3As 1 . y3 P y 3 Mr^^rF^^&M 


26 




27 


i-innGa^^Asj.yjPyj ytm&m 


28 


P-Gai^iAl.jAsJiSPm— 9^7 y YM 


29 


p-in I4 Ga 1 - 24 p ^-/^>^mtm 


30 




31 


p-GaAsn^?? bM 


34 


pram® 


35 




41 


n-GaAs^^ 


42 


n-Gai.jjAl^As?^-/ Hi! 


43 


n *fclii-In Bl Ga l - sl As 1 - yl P, 1 


44 


i-In^Gaj.^ASi-yzP^ g(5S0S^^UT« 


45 


In x3 Ga 1 _ x3 As 1 _ y3 Py3 S^^FvSttil 


46 


i-In x2 Ga 1 . x2 As 1 . y2 P y2 9l3E9£/<iU-rJ| 


47 


P *7ti±i-In xl Ga 1 _ ltl As 1 -y 1 Py 1 


48 


P-In x4 (Ga 1 . z4 Al z4 ) 1 _ x4 As 0 . 2 Pq. s -bSS— : 




49 


p-In x5 (Ga 1 . z5 Al z5 ) 1 . x5 P Ji»»- ? ^ -y HJ 


50 


p-GaAsn 


54 


pffl!J«ffi 


55 




101 


n-GaAs^^ 


102 


n-In 0 . 48 Ga 0i 5 2P^^ *v 


103 


n ^^ii-In.^ai^iAsi-yiPy! 


104 


i-In x2 Ga 1 . x2 As 1 . y2 P y2 giSSOS^^'J T« 


105 


In x3 Ga 1 . x3 As 1 _ y3 P y3 
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106 


i-In^Gai-^As^yzPyz g|»9E><>JTJi 


204 


i-In x2 Ga 1 _ x2 Asi- y2 P y2 ?|3ft9 MA 'J TM 




107 


P 3Lfct4i-In Il Ga 1 - I1 Asi_ yl P yl %M$im 


205 


In x3 Ga 1 .. X 3As 1 _y 3 Py3 S^#F r tfS14Jf 




108 


p-ln 0 ^ 48 Ga 0 . 5 2 7 v YM 


206 


i-In l2 Ga 1 _ l2 As 1 . y2 Py 2 3l3g 9 M'^J TM 




109 


p-GaAsnV:?? hf§ 


207 


P 4fctii-In sl Gai- a iAsi- y iP y i ^Mi^M 




110 




208 


P-In 0 .4 8 (Al 2 Gai_ z ) 0 . 52 P?^*yKJI 




111 




209 


F^GaAsny^^ hm 




121 


n-GaAsS^ 


210 






122 


n-In 0 . 48Ga 0 .52P^^ HJ1 


211 






123 


n .ft^rUi-In s iGai. s iAs 1 .,rP,i jftm&m 


221 


n-GaAs3£flfc 




124 


l-In I1 GB 1 -- al PflSi9»<UTJi 


222 


n-tno^s (AlzGaj^) 0 .52 P ^^^^® 




125 


In t 3Ga 1 - S 3As 1 - y3 Py3 *^#FJSttJl 


223 


n ^^iii-In.jGai-.^i.yiPyj ft^&m 




126 


l-In.jGa^^PgiaOS^UT* 


224 


s-i^zGa^.aP ?m*)m'<VTm 




127 


P i^ii-In^Ga^^Asj-yjPy! 3t»afeffl 


225 


In x3 Ga 1 . x3 As 1 .y3P y 3 S^#F3ffiS 




128 


p-In 0 .48Gao. 52 P^^ '? Hi! 


226 


i-In l2 Ga 1 - x2 P5l3S0^N'UT« 




129 




227 


P ^^±i-In xl Ga!- sl As!_ yl P yl %M&M 




132 




228 


P-In 0 .48 (Al z Ga!_ z ) o.5 2 P^^^Hii 




133 


nfflMMlB 


229 


p-GaAsr?^? h/f 




141 


n-GaAsHfK 


232 


plli 




142 


n-In 0 . 48 Ga 0 . 52 P:?^ y K® 


233 


nwmm 




143 


n i^ii-In xl Ga 1 - Kl As 1 ^ yl Py 1 5fc^$£JI 


241 


n-GaAs2£?K 




144 


i-In x2 Gai_ x2 Asi. y2 P y 2 SIHOS^^U TJi 


242 


n-In 0<48 (AL 2 G ai . z ) 0 .5 2 P^^^H® 




145 


In l3 Ga 1 _ ]t 3As 1 _ y 3Py3 ST-#Fv!H4JS 


243 


n ^fc(ii-In xl Ga 1 . xl As 1 _ yl P yl ftmfcM 




146 


i-In^Ga^^As^yzPyz 515101^^71 


244 


i^I^zGai-.zAsj.yjPyz 9U9S^<UTJI 




147 


P 4fctti-In xl Gai. sl Asi. yl P yl 


245 


In x3 Ga 1 _ x3 As 1 _y3P y 3 M^F^rW^HM 




148 


P-In 0 . 48Ga 0 . 52 P^^ x 


246 


i-In x2 Ga 1 . x2 As 1 . y2 Py 2 3l3g9MA>JT/f 




149 


p-GaAs^r-v ^y^Jf 


247 






152 


p-GaAs3 >-^? h/f 


. 248 


p-In 0 . 48 (Al 2 Ga!_ 2 ) 0 . 52 P?^ v H® 




153 




249 


p-GaAs^r «y TS 




154 




252 


p-GaAsHV^^ h/1 




161 


n-GaAsSfix 


253 


pfflti 




162 


n-In 0 . 48Ga 0i52 P^^ v 


254 






163 


n ifctii-In^Gaj.^ASi-yiPy! t£^*£/1 


261 


n-GaAsS^ 




164 


i-In x2 Ga 1 - J£ 2As,-y 2 Py2 3I5S9MAU T« 


262 


n-ln 0 . 48 (Al^Gaj-j ) 0 .5 2 P^^ v Hif 




165 


In l3 Ga 1 _ lt 3Asi_ y 3P y 3 JH^FJSteE 


263 


n ^fctei-In.jGa^jAsj-yjPy! 




166 


i-In^Gaj.^Asj.ygPyg. gi3S9SAU TJ1 
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